



Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
 You may not further distribute the material or use it for any profit-making activity or commercial gain 
 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 
   
 
 
Downloaded from orbit.dtu.dk on: Apr 01, 2019
Volume management for fault-tolerant continuous-flow microfluidics
Schneider, Alexander Rüdiger; Pop, Paul; Madsen, Jan
Published in:
Proceedings of 2017 IEEE International Symposium on Defect and Fault Tolerance in VLSI and Nanotechnology
Systems





Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Schneider, A. R., Pop, P., & Madsen, J. (2017). Volume management for fault-tolerant continuous-flow
microfluidics. In Proceedings of 2017 IEEE International Symposium on Defect and Fault Tolerance in VLSI and
Nanotechnology Systems  (Vol. 2017, pp. 102-102). IEEE. DOI: 10.1109/DFT.2017.8244447
Volume Management for Fault-tolerant
Continuous-ﬂow Microﬂuidics
Alexander Schneider, Paul Pop, Jan Madsen
DTU Compute, Tecnical University of Denmark
Email: {alsch, paupo, jama}@dtu.dk
Recent advancements in microﬂuidic biochips allow for eas-
ier and faster design and fabrication of increasingly complex
biochips to replace conventional laboratories. A roadblock in
the deployment of biochips however is their low reliability
[1]. Physical defects can be introduced during the fabrication
process, and may lead to failure of the biochemical application.
This can be costly because of the reduced manufacturing
yield, the need to redo lengthy experiments, using expen-
sive reagents, and can be safety-critical, e.g., in case of
a cancer misdiagnosis. Researchers have started to propose
fault models and test techniques for continuous ﬂow biochips
[2]. Six typical defects: Block, leak, misalignment, faulty
pumps, degradation of valves and dimensional errors have
been identiﬁed. The resulting faults can be abstracted into
blocks and leaks for simplicity [3]. Both fault types can occur
in the control- as well as the ﬂow channel, some common
causes being environmental particles, imperfections in molds
or bubbles in the PDMS gel. While some faults may be
detected before the execution of an application by introducing
a test run, other faults occur only during runtime as a result
of deterioration or caused by the applied pressure. If such a
fault is detected during runtime, e.g. with a CCD camera [4],
we propose a just in time solution that calculates and assigns
ﬂuid volumes to alternate components and routes allowing for
the completion of the application despite the occurring fault.
Fig. 1 shows a representation of an application to be
executed on a biochip. Operational issues caused by faults
occurring during the execution can be directly identiﬁed from
this graph as well. If a leak occurs as marked in Fig. 1,
we can deduce from the graph that the transport of ﬂuid
from O2 to O4 will be hindered and O4 cannot be executed
Fig. 1. Example application graph with four operations and indication of how
the application is affected by the fault occurring in the architecture in Fig. 2
Fig. 2. Example architecture including indication of binding of operations
from Fig.1 and occurring fault
successfully. Assuming a multi-purpose or fault-tolerant archi-
tecture as proposed in [1] that provides alternative routes and
components through which the application can be executed,
we can recalculate the volume assignment. Assuming the
application from Fig. 1 is run on the architecture shown in
Fig. 2, we model a leak to occur during the transport of
ﬂuid from O2 to O4 due to a faulty channel between S3 and
Detector1. Since the architecture contains a second detector,
the application can still be executed, using available alternative
routes determined after the error . As some of the ﬂuid is likely
lost due to the occurring fault, (e.g. some ﬂuid is lost in the
leak and some is already in the no longer accessible Detector1)
new ﬂuid assignments have to be calculated. Due to the low
computational complexity of our algorithm presented in detail
in [5] we can recalculate the required volumes to replenish
the lost ﬂuids during runtime and continue the execution of
the application. Additionally, leftovers from the original ﬂuid
will be assigned the ”Leftover Fluid” status as explained in
[5], therefore allowing the ﬂuid that was not lost in the leak
to be reused and potentially reduce the volume that has to be
replenished.
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